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Abstract
Hurricane Sandy made landfall in Brigantine, New Jersey on October 29th, 2012. The
storm impacted the coastal regions of New Jersey and New York, especially the heavily
populated area of New York City. This research, which analyzes secondary data obtained from a
telephone survey, investigates the public response of residents before, during and after Hurricane
Sandy. The survey consisted of questions regarding what the residents expected concerning the
threat of Hurricane Sandy, whether it matched what they experienced, where they got their
information and how they made their decision to evacuate or not. The results from the survey
were statistically analyzed in order to answer important research questions about public
perception of Sandy’s impacts. A Vulnerability Assessment of New York City, where some of
Sandy’s impacts were felt the most, was completed in order to understand why this area was so
vulnerable. The concern level of various hurricane related hazards was analyzed and correlated
to demographic variables to determine a relationship among the variables. A qualitative analysis
was performed on the survey questions "Why did you evacuate?" and "Why did you not
evacuate?" in order to determine themes in relation to people’s reasons for evacuating or not
evacuating. Finally, differences in how the public perceived Hurricane Sandy before and after
the storm were analyzed and may be used for improving communication of the forecast to the
public. Interdisciplinary research in this area is needed in order to better understand the public's
need for appropriate warnings to ensure safety. Results show that residents were most concerned
about wind damage and that they mainly used their television to obtain their information about
the storm. Also, the most common reasons respondents reported for evacuating were because of
vii

the threat of possible impacts (storm surge, flooding, wind, rain and waves), the forecast called
for bad conditions, or being told, recommended or convinced to leave. The main reasons
reported by respondents for not evacuating are thinking that the impacts would not be bad in
their area, feeling prepared or safe and thinking they could handle the impacts. This research can
be used in the future for improving hurricane warning communication to the public.

viii

Chapter 1: Introduction
Hurricane Sandy, the 10th named storm of the 2012 hurricane season, made landfall in
Brigantine, New Jersey on October 29th, 2012.1 The storm caused extensive damage along the
eastern coast of the U.S., especially in New Jersey and New York. Storm surge caused major
flooding and strong waves, especially in the New York City metropolitan area (Blake et al.
2012). A mandatory evacuation was issued for New York City and the surrounding low-lying
areas on October 28th, 2012 (a total of about 375,000 people). Later that day, transportation
systems began shutting down and by 7 p.m., all residents in evacuation zone A were to be
evacuated (Saul 2012). The city opened 72 evacuation centers for those that would not evacuate,
-however New York City Mayor, Michael Bloomberg, was very vocal about the mandatory
evacuation. Other city facilities, such as libraries, ferries, parks and electrical facilities began
shutting down on Sunday the 28th. By Monday afternoon (29th), almost the entire city had shut
down (Saul 2012).
Although the city of New York made many preparations for Hurricane Sandy, the
damages were still devastating (Sledge 2012). The disaster that occurred in the city raised

1

At the time that Sandy made landfall, the storm was no long a hurricane but a posttropical cyclone. This is the main reason why so much confusion arised between the
local National Weather Service Offices and the National Hurricane Center (NHC). The
NHC released a statement on April 4th, 2013 in order to deal with similar situations in the
future. The new policy, which went into effect on June 1st, 2013, states that the
“definitions of hurricane and tropical storm watches and warnings will be broadened to
allow these watches and warnings to be issued or remain in effect after a tropical cyclone
becomes post-tropical, when such storm poses a significant threat to life and property”
(NOAA’s National Hurricane Center 2013). For the purpose of this thesis, the term
“Hurricane Sandy” will be used whether the system was pre or post-landfall.
1

important questions about infrastructure in the city and evacuation issues (Center for Disaster
Philanthropy 2013). In 2011, Tropical Storm Irene (which had previously reached hurricane
strength) struck the coast of New York, just 14 months before Hurricane Sandy. Although Irene
was much weaker and smaller than Sandy, the impacts were still devastating. Hurricane Irene
caused record-breaking (inland) flooding due to the amount of rain that fell. An estimated 40%
of those who were issued a mandatory evacuation for Irene did not comply (Saul 2012).
This research will examine factors that were influential among residents in the decisionmaking process to evacuate or not evacuate. It will also measure the vulnerability of the
residents as well as compare their actual risk versus their perceived risk.
1.1 Disasters
Disasters are commonly thought of as ‘naturally occurring’ (such as earthquakes and
hurricanes) because they are not thought to be directly caused by humans. However, disasters
can be considered social constructs because they emerge from social and economic situations of
everyday life (Morrow 1999). Bruce (1994) identified three factors that affect human and
economic loss in the event of a disaster: increasing development (especially in coastal regions),
changes in land use and vegetation, and the variability of natural hazards. In order to possibly
reduce the economic impact of a disaster, these factors must be taken into account (Bruce 1994).
Improvements may be made to buildings and infrastructure to ensure safety during extreme
events. Also, urban and land-use planning may be improved in order to inhibit development in
hazard-prone locations. Finally, improved warning and preparedness techniques are needed to
reduce the loss of life (Bruce 1994).
A discrepancy exists among recent studies as to whether disaster losses are increasing or
remaining relatively stagnant. Nordhaus (2010) found an increasing trend of economic losses in
2

the U.S. from 1900-2008, while Pielke et al. (2008) found no trend in economic losses from
1900-2005.

The reason for this discrepancy may be due to the normalization variables.

Nordhaus (2010) normalized economic loss related to hurricanes using gross domestic product
(GDP), while Pielke et al. (2008) used wealth and population and found no trend. Other studies
that normalized economic loss using wealth and population (Pielke et al. 2003, Choi and Fisher
2003) found no trend in loss due to tropical storms and flooding in the U.S. However, the 2004
and 2005 hurricane seasons accounted for $150 billion in damages alone (Pielke et al. 2008).
With the complexity of issues such as hurricane trends in intensity, it is important to examine the
risk hurricanes pose to the vulnerable coastal locations (Emanuel 2005).
1.2 Vulnerability
Vulnerability is defined as the “susceptibility to harm of those at risk” (Young 1997, p.
14). It arises from many different factors (economic, social and political) and can come in
different forms. Economic factors of vulnerability include poverty and insufficient financial
reserves (Morrow 1999). Social factors may include gender and race differences (Enarson and
Chakrabarti 2009). Vulnerability may vary over space and time, geographically and among
different social groups (Cutter et al. 2003).
Disaster vulnerability is highly correlated to social constructs such as economic and
political conditions as well as environmental factors (Lin and Chang 2013). A number of factors
influence the vulnerability of an area or people. A huge vulnerability factor is urbanization,
especially in some of the most vulnerable locations; the coastlines. These areas are vulnerable
because population and infrastructure growth is occurring at the same time climate changes are
taking place and threatening the coast in a number of ways, such as sea level rise and impacts
from tropical storms (Prasad 2012).
3

1.2.1 Social and Economic Factors
Vulnerability can be described in different ways; it may be magnified by level of
preparedness or can be measured by the potential for an evacuation or displacement, resiliency
and recovery (Prasad 2012). Preparedness is a beginning stage of a disaster event that involves
preparation activities, such as mitigation techniques (Fothergill et al. 2000). Many social and
economic factors contribute to the vulnerability of an individual, including poverty, social
network factors (family and friends), gender, being elderly or a child and minorities.
1.2.1.1 Poverty
Poverty trends throughout the world are increasing with an estimated 1.2 billion people
living in absolute poverty (Morrow 1999). If a household does not have sufficient financial
stability to prepare for a disaster (such as a hurricane), they become more vulnerable to the
impacts.

People who live in poverty commonly live in homes that are poorly built and

maintained, therefore adding to their vulnerability of storm surge, flooding and wind damage
from a hurricane (Morrow 1999). Often, these homes are located in vulnerable locations such as
floodplains, and the residents have limited access to transportation if needed to evacuate
(Morrow 1999).
Poverty is a major factor when considering level of vulnerability. People living in
poverty may have low-paying jobs that are likely to be lost if a business closes or moves
following a disaster (Morrow 1999). This poses a problem to the family after the disaster if they
have insufficient funds to rebuild and repair their damage. Also, it is difficult for these people to
relocate to a new job location because of their lack of financial stability. For these reasons,
poorer members of a community are more likely to require governmental assistance after a
disaster (Morrow 1999).
4

1.2.1.2 Social Network Factors
Social factors that influence vulnerability include reliance on family members, friends
and neighbors. Before, during and after a disaster, many people rely on their family members for
assistance. Giving assistance becomes more difficult with larger and more diverse families.
Individuals who are from out of town and therefore may not have families and friends nearby are
especially vulnerable (Morrow 1999).

An interesting circumstance brought up by Morrow

(1999) is the vulnerability of tourists to hurricanes. Resorts and hotels are often located in
aesthetically pleasing yet highly vulnerable locations. In the event of a disaster, such as a
hurricane, tourists may be unable to evacuate due to airport closures or lack of information and
experience. Visitors may not be aware of the extent of the impacts from a storm or have an
evacuation plan (Morrow 1999).
1.2.1.3 Gender
Gender also plays an important role in vulnerability and is usually unfavorable and
prejudiced towards women (Enarson and Chakrabarti 2009). Women are more vulnerable than
men for a number of reasons. They comprise 60% of the world’s population of poverty and
typically earn less than men. Women typically have fewer skills and fewer decision-making
opportunities within a family as compared to males (Enarson and Chakrabarti 2009, Fothergill et
al. 2000, Petrolia et al. 2011). However, some previous studies have found that women are more
likely to evacuate than men (Bateman and Edwards 2002). This could be due to the fact that
women are exposed to risk more often than men. This results from their care-giving roles and
responsibilities (Bates and Edwards 2002). If a member of the family has a special medical
need, women are most likely the caregiver for that person. It has been documented that families
with a member with special medical needs is a large indicator of complying with an evacuation
5

(Bates and Edwards 2002). Women are also more likely to evacuate than men because they
perceive the risk of damages to be greater than men and are more likely to develop an evacuation
plan for the household (Bates and Edwards 2002, Schmidlin 2006).
1.2.1.4 Elderly and Children
Another vulnerable group during a disaster, especially a hurricane, is the elderly. Many
elderly people lack the resources necessary for safety precautions or evacuations. Limited
mobility of the elderly may contribute to their vulnerability as well as a variety of health issues
(Morrow 1999). They are at higher risk for health issues in the aftermath of a hurricane, such as
contaminated flood waters (Kuba et al. 2004). Often, the elderly live alone and have fewer
resources and therefore may lack in the beginning stages of hurricane preparedness (Cutter
2006).

The U.S. has a growing population of elderly due to the baby-boom population (those

born between 1946-1964) beginning to enter their elderly years of 65 years of age and older
(Wang and Yarnal 2012). This group of people is also beginning to re-locate to coastal locations
as part of their retirement, increasing their vulnerability to hurricanes (Wang and Yarnal 2012).
Children account for another specific group of increased vulnerability during a disaster.
It may be a very difficult task to evacuate organizations such as child care facilities during the
event of a hurricane, especially if some of the children have special needs. With increasing
medical technology, more people (children included) are able to live longer lives with a
disability. Their resources may be difficult to collect in the event of an evacuation. Also,
evacuations may have a damaging psychological effect on children due to the stressfulness of the
situation and things they may witness before, during or after the storm (Morrow 1999). The
stress that results from a hurricane may remain much longer with children than adults (Knap
2012)
6

1.2.1.5 Housing Practices
Political factors, such as renters vs. homeowners, may influence vulnerability in a
number of ways. Individuals or families who rent an apartment or house are especially
vulnerable. These people may not have the resources or ability to apply shutters, boards or other
hurricane protection measures (Morrow 1999). Also, renters may not have insurance to have
repairs done after the storm. This poses a problem in large urban areas where there is a large
number of residents living in apartments, condominiums, townhouses, etc.

Rural or

unincorporated areas may be ignored due to the highly politicized environment following a
disaster (Morrow 1999). Often, people who live in apartment buildings who are vulnerable
consist of ethnic minorities (Fothergill et al. 1999).
1.2.1.6 Minorities
After a disaster, during the recovery stage, certain socio-economic factors may influence
government assistance. Minorities usually face a difficult recovery compared to the majority
because of their lack of financial stability; less insurance coverage and little access to
communication and information (Fothergill et al. 2000). Minorities may not have access to
government forms to apply for assistance like upper and middle class citizens do and therefore
do not receive as much assistance (Fothergill et al. 2000).
Many inequalities exist for minorities during a disaster, adding to their vulnerability
(Fothergill et al. 2000). Some studies have shown a higher mortality rate among minorities
(Bolin 2007, Zahran et al. 2008). In the U.S., minority ethnic groups tend to live in degraded
houses or apartment buildings, increasing their vulnerability to a disaster. A communication
barrier may exist and people from different cultures may perceive risk differently. Minorities
within a community may not communicate the same way as the majority (Morrow 1999). A lack
7

of fluency in the dominant language may act as a communication barrier where minorities do not
receive emergency messages. Recent studies have found different communication techniques
were favored by different ethnic groups (Perry and Mushkatel 1986, Perry and Nelson 1991).
For example, minorities in general are more likely to get information from their family and social
networks. It is important to understand these processes in order to effectively communicate the
warning message to these different groups (Morrow 1999).
Many studies have attempted to construct a vulnerability index for different regions of
the country in order to assess levels of vulnerability (Emrich and Cutter 2011, Rygal et al. 2006).
One study in particular by Prasad (2012) created a vulnerability index specifically for the midAtlantic region of the U.S. New York City was deemed one of the most vulnerable cities in this
region due to its location, dense population and other characteristics (Prasad 2012).
1.2.2 Evacuation Decision Making
In order to ensure safety of those affected by hurricanes, evacuation orders may be issued
to specific regions of a city. These evacuations need to be done in an organized and timely
fashion to reduce deaths and injuries related to the storm (Gladwin et al. 2007). Gladwin et al.
(2001) constructed an ethnographic tree model that identified questions individuals must ask
themselves when deciding whether or not to evacuate. The first step residents must take when
considering an evacuation is to find out if they are located in an evacuation zone. Often, when
deciding whether or not to evacuate, individuals will make trade-off calculations such as
assessing whether or not they are actually at risk (Gladwin et al. 2007). Next, the individual
must decide whether or not the hurricane poses a risk to them, their family, their pets or their
businesses. If an individual does not feel the hurricane poses a risk to any of the above, then it is
more likely they will not evacuate. Individuals may also feel safer in their home, especially if
8

they have properly prepared it by applying shutters, boarding or gathered supplies (Gladwin et al.
2001). Whether or not the family can afford to evacuate is, of course, a major deciding factor
(Gladwin et al. 2001). An evacuation can be expensive (preparations, gas, hotels, food, etc.) and
many families lack the financial resources to pay for all of the expenses of an evacuation
(Gladwin et al. 2001). Another major factor contributing to evacuation decisions includes
personal resources such as “health and physical ability, relevant experience, education, time and
skills” (Morrow 1999, p 344).
A problem that occurs during an evacuation event is that some people do not evacuate
when they should, such as if they are in an evacuation zone. Other times, people who are not in
an evacuation zone do evacuate even though it may be not be necessary. This can cause
unnecessary traffic on highways and can cause delays for people who were ordered to evacuate
(Gladwin et al. 2007). In the case of Hurricane Sandy, many people ignored the evacuation
order or delayed leaving until the day before the storm hit despite early forecast warnings
(Gladwin and Morrow 2013).
An evacuation may get delayed for a variety of reasons. Responsibilities such as work,
school and family may delay an evacuation, sometimes until it is too late. Residents may need
more time to prepare their homes with boards or shutters.

If a family waits too long,

transportation systems may shut down before they are able to leave (Gladwin et al. 2001).
People who are working may have responsibilities that cannot be ignored before they evacuate.
Another timeliness constraint is preparations; families may hold off on evacuating to prepare
their homes (Gladwin et al. 2001).

During Hurricane Sandy, many people put off their

evacuation until the last minute, therefore putting themselves in harm’s way (Gladwin and
Morrow 2013).
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Gladwin et al. (2001) suggests another main complexity of evacuations; intra-household
decision making. Differences of opinion occur within a household about whether or not to
evacuate. It is not always easy to come to an agreement when other factors such as timeliness
constraints are influencing the decision-making process (Gladwin et al. 2001). Gladwin et al.
(2001) found that intra-household decisions often override other factors (e.g., an individual may
refuse to evacuate unless their significant other does). This can pose a problem if the individuals
cannot agree on a situation and may delay an evacuation (Gladwin et al. 2001).
Gladwin and Peacock (1997, p. 73) identified three variables that are unique and
significant evacuation predictors; “being in an evacuation zone, having demographic factors
associated with small households and the presence of either elders (negative effect) or children
(positive effect) and living in a single-family dwelling (negative effect).” Other factors that may
influence the outcome of an evacuation include age of the decision maker, gender (Bateman and
Edwards 2002), disability (Van Willigen et al. 2002) race and ethnicity (Perry et al. 1982) and
income (Sorenson 1987). These factors may increase or decrease the likelihood of an evacuation
based on the specific situation (e.g. accessibility of resources) (Dash and Gladwin 2007).
1.3 Public Perception of Weather Related Risk
Recent studies have shown that members of the public sometimes do not understand the
storm surge forecast or potential for severity of the storm surge put out by agencies (Morss and
Hayden 2009, Zhang et al. 2007). Joslyn and Savelli (2010) claim that the key to successful
communication is establishing background knowledge into how non-experts interpret
deterministic forecasts. In order to establish background knowledge, preseason and pre-storm
education is crucial in shaping responses (Leston et al. 2007). The public is familiar with daily
weather forecasts and, most of the time; do not expect the forecast to verify precisely (Joslyn and
10

Savelli 2010).

However, hurricanes are more severe weather events and often have more

complex warnings and levels of uncertainty when compared to daily weather forecasts.
1.3.1 Social Media
It is important to reveal where people are receiving their information from in order to
reach more people faster. The use of social media has increased in popularity in recent years
(Bruce 2010). It has enabled forecasters to get warnings and alerts out to the public faster and to
a larger audience. The public can also communicate back to the forecasters on Facebook,
Twitter and Instagram and can post pictures which provide up to date, real-time information and
updates (13wham 2013). Other sources of social media that may be used during a disaster
include YouTube channels and blogs. The use of social media can be a powerful tool in helping
to communicate the warnings to the public. It can be used by individuals or communities as a
warning technique as well as updating friends and family members of an individual’s safety and
raise funds after a disaster (Bruce 2010).
During Hurricane Sandy, government agencies and officials used social media more than
ever before to communicate and share information with the public. Reports also claim that the
public, in turn, utilized social media more than ever before, for updates and assistance. Social
media was also used to direct resources where they were necessary, share evacuation orders and
provide updates and the storm. (Cohen 2013). The public was able to direct questions via social
media to local agencies and communicate directly with officials. After the devastation occurred,
social media continued to be used for recovery efforts (Gabbatt 2013).
1.3.2. Uncertainty
It is vital to communicate the uncertainty associated with forecasts to allow residents to
make better decisions (Gill et al. 2008).

There are many factors that may contribute to
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uncertainty in the forecast; atmospheric unpredictability, uncertainty of data interpretation and
interpretation of the user. The non-experts must have confidence in the forecaster and believe
that the forecast is accurate and true in order to make wise decisions. Relaying uncertainty in the
forecast reassures the user that the information they are receiving is honest and gives them
confidence in the forecasters’ ability (Gill et al. 2008). Zhang and Morss (2007) found most
residents of Texas during Hurricane Rita (2005) had very high confidence in the forecasts and
their confidence increased as the storm approached.

Despite the evacuation issues, most

residents reported they were satisfied with the Hurricane Rita forecasts, but requested improved
post-hurricane information. Other recommendations by residents included a desire for more
local coverage, better traffic reports and improvements in evacuation planning and coordination
(Zhang and Morss 2007).
Gill et al. (2008) identify factors that may influence the public’s understanding of
uncertainty; sophistication, the use of color and graphical displays and terminology.

It is

important to educate the non-expert to improve their level of understanding and sophistication
regarding uncertainty in forecasts.

The use of color and graphical displays can improve

understanding and assist in educating residents, however the expert must take care in what colors
they choose and how they choose to represent the information they are trying to portray (Gill et
al. 2008). Finally, the terminology used in many forecasts may be the cause of the uncertainty
experienced by the non-expert. Often, forecasts try to portray the uncertainty by using vague
words, such as “chance of”, “later”, and “developing.” People may interpret these words in a
variety of ways; therefore consistency in terminology is important as people may perceive
repetition with truth (Gill et al. 2008).

12

1.3.3 Public Perception of Hurricane Risk
Hurricane Ike (2008) caused a significant storm surge in Galveston, TX that took the
residents by surprise. Although Ike made landfall as a strong category 2 storm, the surge reached
category 4 or 5 potential in Galveston (Morss and Hayden 2009). Morss and Hayden (2009)
conducted interviews with residents about Hurricane Ike, focusing on storm surge, and found
that many residents wanted more information on the surge and flooding threat. This specific
study highlights the need for improved warning techniques to help the public understand the risk
of the event.
Zhang et al. (2007) conducted a survey to assess public perception of Hurricane Rita
(2005) forecasts by having participants rank variables (storm surge, flooding, winds and
tornadoes) in order of the biggest threat. Zhang et al. (2007) found that there was no significant
difference among concern levels of storm surge, wind, flooding and tornadoes from their survey.
Zhang et al. (2007) notes that these outcomes may result from some respondents not
differentiating between storm surge and flooding due to a lack of understanding. This study
shows the need for better techniques for communication during the hurricane warning process.
Public perception of risk partially arises from a lack of full understanding (Sjoberg 1999)
and from uncertainty (Eiser 2004). Public perception of hurricane risk has been examined by a
number of researchers (Demuth et al. 2012, Stein et al. 2011). After Hurricane Sandy, McSwane
(2013) conducted an interview with retired Lt. Col. Russel Honore, disaster preparedness expert
and CNN contributor, about how to get the message across. Honore believes one way to
communicate the message is to “be blunt and let people know it is a matter of life or death.” In
order to assess the public perception of Hurricane Sandy, a detailed background of the storm and
its development is necessary for understanding the severity associated with it.
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1.4 Hurricane Sandy
Hurricane Sandy’s unique lifecycle is important to understand in order to prepare for
similar storms in the future. Sandy’s extratropical transition is worth examining and comparing
to other storms to comprehend the impacts.
1.4.1

Synoptic Background

Hurricane Sandy formed as a result of an easterly tropical wave that occurred off the
coast of Africa on October 11th, 2012. On October 18th, the wave entered the Caribbean Sea
after traveling across the North Atlantic and interacting with an upper-level trough. Air pressure
continued to fall over the Caribbean Sea, likely due to the Madden-Julian Oscillation (MJO) that
was in place during this time (Blake et al. 2012). A broad area of low pressure formed on
October 21st followed by a deep band of convection the next day. On October 22nd, 2012, the
system became a tropical depression and began to strengthen (Blake et al. 2012). By October
23rd, the depression was upgraded to a tropical storm and reached hurricane status on October
24th, 2012 as it accelerated northward as noted by Blake et al. (2012). Hurricane Sandy made a
brief landfall on Jamaica as a category 1 hurricane, which had little effect on weakening the
storm.
As Sandy progressed north, the cyclone intensified before making landfall on Cuba as a
major hurricane on October 25th, 2012. Sandy slightly weakened while passing over Cuba and
entered a region of southwesterly vertical wind shear. A negatively tilted upper-level trough was
present over the western Atlantic Ocean that helped slow the storm down and steer it towards the
northwest. Sandy tracked through the Bahamas on October 26th and significantly weakened to
below hurricane strength on October 27th but still grew in size. Later that day, the storm
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regained strength as it traveled northeast and gained speed. This is the point at which Sandy’s
structure was noted to be unusual (Figure 1)

Figure 1. Hurricane Sandy approaching landfall (Toor 2012)
A “warm front was forming a few hundred miles from the center in the northeast
quadrant, with another weak stationary boundary to the northwest of the center serving to
enhance the convection and strong winds there” (Blake et al. 2012, p. 3). In addition, the radius
of maximum winds grew to a substantial size of over 100 n mi. (or 185 km).
As Sandy tracked up the eastern coast of the U.S., the storm encountered a blocking
pattern present in the North Atlantic Ocean that prevented it from steering east out to sea. A
trough present in the central U.S. deepened and shifted into the southeastern U.S. that provided a
baroclinic zone and decreased wind shear. Sandy re-intensified due to this process and the warm
Gulf Stream water on October 29th with winds about 44 m s-1. The storm was located 407 km
south of Atlantic City, New Jersey (Blake et al. 2012). Sandy’s minimum central pressure
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occurred on October 29th around 1800 UTC (a few hours before landfall) at about 940 mb (Blake
et al. 2012). Figure 2 shows the situation leading up to this time.

Figure 2. Analysis of fronts and isobars at 1500 UTC on October 29th, 2012 (Blake et al.
2012)

The National Hurricane Center (NHC) predicted that Sandy would become a posttropical cyclone before making landfall, which occurred on October 29th. This was due to cooler
waters and a cool air mass present over the eastern U.S. In anticipation of this transition, on
October 26th, the decision was made to allocate local NWS officers to issue non-tropical watches
and warnings north of Duck, NC (Service Assessment 2013).
Sandy made landfall near Brigantine, New Jersey on October 29th, 2012 with winds
estimated at 36 m s-1 and a minimum pressure of 945 mb (Blake et al. 2012). The best track data
for the storm is shown in Figure 3. Sandy slowed down upon landfall and tracked west-northwest
through New Jersey, Delaware, Pennsylvania and Ohio before turning northeast to pass through
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Ontario, Canada. The system merged with a low pressure system over eastern Canada on
October 31st, 2012 (Blake et al. 2012).

Figure 3. Hurricane Sandy’s best track (October 22-29, 2012) (NHC Tropical Cyclone
Report)

Hurricane Sandy is a distinctive storm for a number of reasons. First, this storm was
extraordinarily large with an estimated 870 n mi. (1611 km) diameter of tropical storm force
winds, the largest tropical cyclone since the best track record began in 1988 (Blake et al. 2012).
Sandy made an extratropical transition upon landfall due to encountering cooler temperatures
within the low-levels of the storm (Blake et al. 2012). While Sandy was still categorized as a
hurricane, the outer edges appeared to contain extratropical characteristics (Henson 2012).
However, a few hours before landfall, the storm turned sharply west, straight toward an
approaching mid-latitude trough. The inner-core of Sandy appeared somewhat tropical, but it
was embedded within a larger, non-tropical structure (Henson 2012).
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1.4.2 Extratropical Transition
Hurricane Sandy made a unique extratropical transition in the few hours before making
landfall in New Jersey. A mid-latitude trough was present over the eastern U.S. as Sandy made
its way up the coast. Sandy made a sharp western curve before making landfall due to the trough
present over the Carolinas and the blocking high over the North Atlantic (Henson 2013). Cold air
from the mid-latitude trough was entering the system from the west while the warm, tropical air
moved westward due to the blocking high (Figure 4). The collision of this air created fronts
along the outer edge of Sandy. The storm was still present over the warm Gulf Stream, just off
the coast of New Jersey and was able to draw in energy from the warm water to develop a new
eye structure on October 30th before landfall (Halverson and Rabenhorst 2013).

Figure 4. The synoptic set-up that allowed Hurricane Sandy to make an extratropical transition
(Halverson and Rabenhorst 2013)

1.4.3 How Sandy Compares
Hurricane Sandy is similar in many ways to Hurricane Irene (August 2011), although
much larger and more destructive. Similar to Sandy, Irene tracked up the eastern coast of the
U.S. before making landfall near New York City as a tropical storm (Figure 5).
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Figure 5. Hurricane Irene (left) vs. Hurricane Sandy (right) best track data (NHC
2014).
Hurricane Irene caused a significant storm surge in New York as well as torrential rains
which added to the flooding (Avila and Cangialosi 2011). However, the highest storm surge
associated with Irene was recorded at Oregon Inlet Marina, NC on August 28 th, 2011 at 2.1 m
(Avila and Cangialosi 2011). Hurricane Sandy’s highest storm surge occurred in Kings Point,
NY on October 29th, 2012, reaching 3.8 m (Fanelli et al. 2013). These storms caused a large
amount of damage throughout the mid-Atlantic region of the U.S. and had a great impact on New
York.
Hurricane Gustav (2008) is similar to Sandy in terms of impacts. Both storms were not
necessarily strong according to the Saffir-Simpson scale, but they were abnormally large.
Gustav made landfall as a category 1 storm near Cocodire, Louisiana and Sandy made landfall
near Brigantine, New Jersey (Dietrich et al. 2010).

A common characteristic among these

storms is the impacts of waves. Hurricane Gustav was the first major hurricane to track through
Louisiana since Hurricane Katrina in 2005 (Dietrich et al. 2010). Gustav tracked further west
than Katrina and the impacts were not forecasted to be as severe as Katrina. However, because
of Gustav’s large size, the spatial extent of the storm reached close to New Orleans. The storm
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generated high waves (estimated at 15 m) that nearly topped the levees in Louisiana again
throughout the New Orleans metropolitan area (Dietrich et al. 2010). Hurricane Sandy set
records for highest wave height at 32.5 ft. (9.9 m) recorded at two buoys near the entrance of the
New York Harbor (Freedman 2013).
1.4.4. Storm Surge
Storm surge is defined as “an abnormal rise of water generated by a storm, over and
above the predicted astronomical tides” (Silverman 2012). Sandy’s landfall in New Jersey had
devastating impacts as it tracked inland, especially from storm surge (Blake et al. 2012). The
storm surge also caused a large amount of damage in New York City to houses, buildings, roads
and transportation systems. The highest surge was measured in Kings Point, New York (located
at the western end of Long Island) at 12.65 ft. (3.8 m) above normal tide (Blake et al. 2012). A
record of 14.06 ft. storm tide was measured at Battery Park, New York City (Blake et al. 2012).
An important factor in forecasting storm surge is wind; however other factors need to be
considered such as water depth, tide, barometric pressure, wind stress, and the wave set-up (Park
and Suh 2012). Storm surge also depends on the shape of the coastline, coastal characteristics
(bays and estuaries) and the slope of the continental shelf (NOAA’s National Weather Service
2013). A high wind combined with a shallow coastline slope approaching the beach will result
in a more severe storm surge. Many studies have documented that a coastline similar to the
complex coastal area of New York and New Jersey will likely result in a more damaging storm
surge (Park and Suh 2012).
Hurricane Sandy’s storm surge was a devastating record-breaker for a number of reasons.
The storm’s unique left hook track just before landfall and the size of the storm influenced the
surge levels that were experienced along the New Jersey and New York coastal areas. The
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geography of this area made the impacts worse. The shallow water of the harbor allowed for a
large amount of water to be rushed onto the land (Henson 2013). Figure 6 shows Sandy’s
forecasted storm surge.

Figure 6. Hurricane Sandy’s forecasted storm surge around the New York City area
(Wunderground.com)
1.5 Problem Statement
A need for interdisciplinary research between social sciences and disaster science exists
to examine issues such as hurricane forecasting and warning. There is room for improvement
within the forecasts themselves; however research needs to be conducted to examine how the
public understands products such as images, graphics and messages put out by meteorologists,
emergency managers and other scientists. Population is increasing in particularly vulnerable
coastal locations, accounting for a more diverse population in harm’s way (Gladwin et al. 2007).
It becomes more difficult to communicate with a diverse population due to different languages,
customs and beliefs (Gladwin et al. 2007).
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This research will focus on the public’s perception of Hurricane Sandy and evacuation
decision making. It will also assess the vulnerability of New York City, an area that experienced
devastating damages from Hurricane Sandy. In order to assess the public’s reaction to Hurricane
Sandy, secondary data from a telephone survey that was conducted with residents of New York
and New Jersey was obtained from the primary source and analyzed.
1.6 Study Objectives and Research Questions
This section outlines the objectives of this study and the research questions.

The

objectives for this research are as follows;
1. Understand why some people evacuated during Hurricane Sandy while some did not; and to
determine the types of factors that affected decision making processes during a hurricane
evacuation.
2. Complete a Vulnerability Assessment specifically for the New York City area in order to
gain insight into the vulnerable locations and populations.
3. Determine if the perceptions of the concern variables (concern over Sandy in general,
damage, deaths or injuries, storm surge, flooding, wind and waves) or demographic variables
have an effect on evacuation decisions.
4. Combine the results from the Vulnerability Assessment with evacuation data to determine if
evacuation rates are influenced by level of vulnerability.
A number of research questions will be answered from this study:
1. What factors reported by the residents of New York and New Jersey affected their decision
concerning evacuation for Hurricane Sandy?
2. Does a spatial pattern exist in the level of vulnerability of the survey respondents in the New
York City area based on the Vulnerability Assessment?
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3. Does an individual’s level of vulnerability affect their decision to evacuate or not evacuate?
4. How do respondents’ perceptions of risks compare to the actual risk associated with
Hurricane Sandy?
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Chapter 2: Methods
A telephone survey was conducted by Gladwin and Morrow (2012) that assessed
concerns and response of the public related to Hurricane Sandy, information sources used and
evacuation decisions. The survey was done in two phases. First, 607 interviews took place with
residents of New York City and New Jersey.

The second phase added an additional 393

interviews from Long Island, NY. This study used the first sample of 607 interviewees from
New York City and New Jersey. The survey contained 91 questions and was administered in
March of 2012.
Descriptive statistics were run on the survey data to summarize the demographics of the
sample and provide the basic features of the data. A Vulnerability Assessment was constructed
for the New York City area based on three vulnerability variables; elderly (over 65 years of age),
minorities, and people who rent. New York City was chosen for a number of reasons. First the
high population of people living in this vulnerable location makes a great study area because it
can have implications for a large amount of people.
Also, Hurricane Sandy had a major impact on this area and a large amount of people,
roughly 375,000, were ordered to evacuate (Saul 1012) (Figure 7). These variables, noted above,
were chosen based on previous literature (Morrow 1999, Kuba et al. 2004). Correlations were
then run on the concern variables and demographic variables. The concern variables measure
whether or not a resident is concerned with specific variables including Sandy in general, storm
surge, flooding, winds, high waves and injuries. The demographic variables include whether or
not the resident has a college degree, were elderly, households that have kids under the age of 12,
renters, African American, Hispanic, female and living within ½ mile of water.

African
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Americans and Hispanics were chosen because they make up the second and third largest
populations within the sample, respectively.

Also, they should be considered separate to

determine any differences or similarities among the races.

Figure 7. New York City evacuation zones A (red), B (yellow) and C (green) for
Hurricane Sandy (Kanlic 2014)

2.1 Study Area
The coastal mid-Atlantic region of the U.S. is a densely populated corridor of large urban
cities that are especially vulnerable to natural disasters such as hurricanes, floods and nor’easters
(Smith et al. 2003). This narrow strip of land comprises about 17% of the land of the contiguous
U.S. but about half of the population (Prasad 2012). As reported by the 2010 US Census, 21 of
the 25 densest coastal counties within the U.S are located in the Northeast and the mid-Atlantic
(Prasad 2012).
The geography of this area consists of lowlands and foothills of the Appalachian
Mountains. Much of the region in close proximity to the coast is flat, which makes it vulnerable
to flooding (Lew 2004). This area is characterized in large part by a variety of ecological
environments: forests, large cities, suburbs, agriculture land and mines (Smith et al. 2003). The
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city of New York consists of a very high population density, about 27,000 people per square mile
(NYC.gov). Hurricane Sandy’s unimaginable “worst case scenario” highlighted the vulnerability
of New York City and gave rise to important questions about the future of New York City (Parry
2012).
The study sample consisted of coastal residents of New York (specifically New York
City and Long Island) and New Jersey that were present during Hurricane Sandy. New York
City sits at 40.7° N and 74° W with a population estimate of 8,336,697 as of 2012 (US Census
Bureau 2012). New York City is 33.3% white, 25.5% black or African American, 28.6 %
Hispanic or Latino and 12.7% Asian. The rest of the population consists of small percentages of
two or more races including American Indian, Native Hawaiian and other Pacific Islander (US
Census Bureau 2013). The median age of residents in New York City as of 2011 was 35.5 (NYC
2013). New York City consists of five boroughs; Manhattan, Brooklyn, Queens, Bronx and
Staten Island and is located at the mouth of the Hudson River. A large part of the city is built on
islands that surround the New York Bay (Figure 8).

Figure 8. The five boroughs that make up New York City include Staten Island,
Brooklyn, Manhattan, Queens and Bronx
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The survey respondents consist of residents in coastal regions of New Jersey and part of
New York. The 607 interview respondents are scattered along the entire New Jersey coastline
and around the New York City area (Figure 9).

Figure 9. Study area containing New York and New Jersey as well as survey respondents

2.1.1 Vulnerability of Study Area
2.1.1.1 New York City
It is important to consider reasons why New York City, Long Island and the surrounding area
is so vulnerable to disasters, especially hurricanes. The shape of the shoreline around this region
is curved (“The New York Bight”). At this location, New York and New Jersey form an upsidedown “L” shape over shallow water. This shallow water is specifically dangerous in the event of
27

a storm surge because the continental shelf has a gentle slope, which may enhance the storm
surge (Silverman 2012). When Hurricane Sandy made landfall in New York, this land feature
acted to trap the water in this location and eventually spilled onto the land of New York City
causing a large storm surge (Silverman 2012). This region is also characterized by an intricate
system of islands, estuaries, rivers and other waterways (Colle et al. 2008). The New York City
metropolitan area is less than 5 m above sea level at most locations, enhancing the vulnerability
of flooding and storm surge (Colle et al. 2008). Many areas of Long Island are slightly above
sea level as well and consist of highly developed coastal zones (Shepard et al. 2012).
The large amount of high-rise buildings and bridges in New York City and Long Island
also makes them vulnerable to disasters, including hurricanes. Most of the damage caused by
hurricanes is from high winds and storm surge (Pompe and Haluska 2011). The winds from a
hurricane can blow windows out in many of the high rise buildings (Silverman 2012). The
extensive underground system of waterways, subways and car tunnels makes it especially
vulnerable to flooding. When Sandy made landfall, water filled the New York City subway
system as well as the car tunnels that are used to get in and out of the city (Silverman 2012). The
saltwater from the storm surge corroded underground pipes and subway tracks (Silverman 2012).
In New Jersey, the NJ TRANSIT’s Rail Operations Center, which is a major railroad division in
the state, became engulfed in water, damaging the power and computer systems as Hurricane
Sandy made landfall (NJ TRANSIT 2013).
Finally, New York City and Long Island’s high population density and amount of vital
facilities in close proximity to the coast accounts for a large part of the vulnerability. Within
New York City, there are 500 schools, 19 colleges, 23 hospitals, 57 nursing homes, 17 power
plants, 13 wastewater treatment plants and 10 emergency service stations (Silverman 2012). The
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financial district located near the Coast contains Wall Street and the New York Stock Exchange
which can have global implications if forced to shut down (Silverman 2012). New York City has
a 7.1 % unemployment rate (NY State Department of Labor 2014) so a large number of residents
hold jobs, which may be difficult to accommodate for in the event of a hurricane.
2.1.1.2 New Jersey
Many areas along the coast of New Jersey are vulnerable to hurricanes, storm surge and
flooding. Nearly 9 million people live in coastal counties in the state of New Jersey year-around;
however these numbers dramatically increase during the summer months as tourists visit the
beaches (Wood et al. 2010). The majority of these counties (17 out of 21) border estuarine or
oceanic waters and is comprised of multiple types of shorelines, similar to New York City. The
average elevation in New Jersey is 250 feet above sea level (NJ DEP 2011). This area is
specifically vulnerable to climate change as sea levels rise. This is because the water along the
coast is rising faster than the global average (Sallenger et al. 2012).

2.2 Data Acquisition
In order to assess how the public in New York and New Jersey responded to Hurricane
Sandy, Gladwin and Morrow (2013) conducted a telephone survey with residents of these areas.
This research was funded by a NSF RAPID grant obtained by Gladwin and Morrow. The
questions were formulated through previous interviews that took place with broadcasters, NHC
forecasters, emergency managers and National Weather Service Weather Forecast Office (NWS
WFO) forecasters. The new survey included questions about the information sources the public
used, how they made decisions about evacuations, and what the residents saw and heard
(focusing on storm surge and flooding). The interviewees were chosen from a previous study
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(Gladwin and Morrow 2010) about Hurricane Irene. A new addition of respondents was added
that were located in evacuation zones for Hurricane Sandy.
The survey contained 91 questions intended to assess public perception of Hurricane
Sandy. The questions began with evaluating the interviewees’ concern over the storm, especially
the days leading up to the storm. There are questions about specific hazards (storm surge,
flooding, winds and waves) and how concerned the interviewee was considering these variables.
The survey then gets more specific with questions about storm surge and what the interviewee
heard through forecasts, neighbors or any other sources.

The next set of questions seeks

information about where the interviewee got their information (radio, television, social media,
etc.) and how useful they found the information.
The survey also contains questions about whether or not the interviewee evacuated and
what preparations they made.

There are questions addressing the impacts of Sandy (storm

surge, waves) and if it was what the interviewee was expecting. Finally, there are questions at
the end asking how the interviewee would compare Hurricane Irene to Sandy, followed by
general demographic questions.
The survey questions targeted a sample that consists of three groups. The first group of
respondents consisted of people who were in the watch/warning area for Hurricane Irene (from
the previous study in 2010 by Gladwin and Morrow) and Hurricane Sandy. The next group was
residents who were in the Hurricane Irene watch/warning but not in an area impacted by Sandy.
Finally, additional respondents from the Sandy evacuation zone made up the third group.
2.3 Data Analysis
This section outlines how the data for this study was analyzed in order to answer the
research questions.
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Objective 1: Understand why some people evacuated during Hurricane Sandy while some did
not; and to determine the types of factors that affected decision making processes during a
hurricane evacuation.
The telephone survey consisted of 91 questions related to the interviewee’s experience
with Hurricane Sandy. It is through these questions that insight was gained into the personal
experiences of residents during Hurricane Sandy. In order to answer this question, a qualitative
analysis was done on the open-ended questions “why did you evacuate?” and “why did you stay
and not evacuate?” The qualitative analysis involved identifying themes and coding the openended questions.
Objective 2: Complete a Vulnerability Assessment of New York City to gain insight into the
vulnerable locations and populations.
A Vulnerability Assessment was constructed specifically for this data and based on
identifying vulnerability variables using previous literature (Morrow 1999, Fothergill et al. 2000,
Kuba 2004). The variables include minorities, people who rent homes or apartments and the
elderly (over age 65).
The vulnerability levels were calculated from block groups and based off of a threshold.
The average number of individuals for each category (elderly, minorities and renters) was
calculated for each block group and used as the threshold. The block groups above the threshold
were plotted using ArcMap 10.0 to determine any patterns in level of vulnerability and
geographic location.

Survey respondent point data was overlaid to determine how many

respondents fall into each level of vulnerability.
After each individual variable was mapped out, they were combined to show locations
that had more than one vulnerability level. If a block group had zero vulnerabilities associated
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with it, it received a level zero rating. If there was one vulnerability (renter, minority or elderly),
the block group received a one. The level two vulnerability consisted of block groups that
contained two out of three vulnerabilities and the level three vulnerability consisted of block
groups that contained all three vulnerabilities.
Objective 3: Determine if the perceptions of the concern and demographic variables have an
effect on evacuation decisions.
Correlations were run on each set of variables (concern and demographic) in order to
determine relationships among them. A Chi-square test of association was also completed for
the concern variables vs. expected variables, using Phi Cramer’s V statistic to indicate the
strength of the relationships, if any.
A logistic regression was run on this data to determine a relationship between the concern
variables and evacuation decisions. The survey questions used for considering this method are
the questions pertaining to the respondent’s perception of each risk. The dependent variable for
the regressions is evacuation (a yes or no). The independent variables are their perceived risk of
each concern variable (concerned or not concerned) with Sandy in general, storm surge,
flooding, wind, waves and injuries.
A second logistic regression was applied to demographic variables (college degree,
elderly, households that have kids under 12, renters, African Americans, Hispanics, females and
living within ½ mile of water). The purpose was to determine if any demographic variables have
an effect on evacuation decisions.
Objective 4: Combine the results from the Vulnerability Assessment with evacuation data to
determine if evacuation rates are influenced by level of vulnerability.
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The level of vulnerability determined by the Vulnerability Assessment was added as an
additional variable to the logistic regressions in order to determine if the level of vulnerability is
a statistically significant predictor of evacuation.
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Chapter 3: Results
The results of this study aim to improve the understanding of public perceptions of
various hurricane impacts.

Correlations among concern and demographic variables show

relationships between them and the logistic regressions aim to identify statistically significant
predictor variables for evacuation. The Vulnerability Assessment seeks to identify vulnerable
populations within the study area. The vulnerability level of the survey respondents was then
incorporated into new logistic regressions to determine if the level of vulnerability has an impact
on evacuation. The respondents’ concerns over various hurricane related variables were assessed
and compared to the actual impacts (more, less or the same) of what they expected. These
results may help improve the communication techniques of hurricane warnings in order to help
residents make better decisions about evacuating.
3.1 Descriptive Statistics
The median age of residents is 58 years of age and the distribution of ages is normally

Frequency

distributed (Figure 10).
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Figure 10. Respondent age distribution
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The respondents consisted of 42% white race, 14% black or African American, 10%
Hispanic or Latino and about 1.5% Asian. The rest of the sample, about 32%, did not know or
did not respond (Table 1).

Table 1. Descriptive statistics for ethnicity
Frequency
Percent
White
427
70.9
Black
83
13.6
Hispanic
58
9.5
Asian
9
1.4
Other
30
4.9
The respondents were mostly females (67.6%) (Table 2).
Table 2. Descriptive statistics for gender
Frequency
Percent
Male
196
32.2
Female
411
67.6

The income of the sample is not normally distributed (Figure 11). There is a negative
skew in the distribution which may be due to the fact that a large part of the sample was taken
from New York City and the surrounding area. This area tends to have a very high cost of
living, so residents must earn enough income to reside in this location. Also, most of the
respondents live in close proximity to the coast in New York and New Jersey, which also tends
to have a higher cost of living.
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Figure 11. Distribution of income for the sample.
Most of the respondents live in single family homes (63.5%) or apartments (15.8) (Table
3).
Table 3. Housing Types
Percent
Housing Type
Count
Single family home
385
Duplex
55
Condominium
41
Apartment
96
Mobile home
1
Other
29

63.5
9
6.75
15.8
0.16
4.7

Also, 72% of the sample own their house/apartment, etc. and 25% rent (Figure 12).

Owner vs. Renter
3%

Own

25%

Rent
72%

Other

Figure 12. Owner vs. Renter
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3.2 Measures of Concern and Expectations of Sandy Impacts
In order to assess the public’s perception of Hurricane Sandy before it made landfall,
interviewees were asked to rate their concern level for several variables (Sandy in general,
damage, injuries or deaths, storm surge, wind and high waves). The variable wind caused the
most concern among residents, followed closely by Sandy in general. Residents were least
concerned with injuries or deaths (Figure 13).

Figure 13. Concern levels for each hurricane related hazard

Overall, the majority of residents (68.5%) rated Sandy very dangerous as it approached
landfall (Figure 14).
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How would you have rated
Sandy as it approached
landfall?
7%
Very dangerous
23%
70%

Somewhat
dangerous
Not Particularly
dangerous

Figure 14. Respondents’ perceptions of danger as Sandy approached

When asked if the residents took actions to prepare, 441 or 79.2% said they took some
type of action and 32% of the sample evacuated.
When asked to recall what the evacuation order was, 16.9% recall the evacuation being
recommended while 25.3% recall it being ordered. Most of the residents (57.6%) did not answer
the question about whether their evacuation was ordered or recommended (Table 4). This may be
due to a few factors. First, it is possible that they were not in an evacuation zone, so the question
does not apply. However, it is also possible that they did not receive a clear message on whether
their evacuation was mandatory or recommended. The survey was completed 5 months after
Sandy made landfall, which may account for some memory loss as well (Dash and Galdwin
2007).
Table 4. Evacuation orders issued
Recommended Ordered No Answer
103
154
350
16.90%
25.30%
57.60%
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When asked to rate the quality of the forecast, 48% of the respondents rated the forecast
excellent, while 36% rated it good and 16% rated it fair or poor (Figure 15).

How would you rate the quality of the
forecast your heard for Sandy?
16%
48%
36%

Excellent
Good
Fair or Poor

Figure 15. Respondents’ ratings of the forecast for Hurricane Sandy
Interviewees were asked to compare the actual impacts from Sandy to what they had
expected. For the variables wind, storm surge, waves and inland flooding, the actual impacts
were more than the residents expected. For rain, 36% of the sample reported the impacts were
more than expected while 39% reported the impact was less than expected (Figure 16).

Figure 16. Actual impacts of concern variables compared to the expected impacts
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Based on these findings, there is a clear disconnect between what the residents expected
and what actually happened.
3.3 Information Sources Used
Residents were asked where they obtained their information from regarding Sandy.
Local TV stations were the most popular sources followed by national TV news and the Weather
Channel. Although social media has become a popular source of information, it was used the
least among residents in this survey (Table 5).
Table 5 Information sources used

Local radio stations
Local TV stations
National TV news
Weather Channel
Social Media
NOAA Weather Radio
Internet

A great deal
157
396
317
282
49
45
134

A little
152
136
140
144
64
44
103

Not at all
294
92
136
171
489
502
364

Don’t know/
No answer
4
10
14
10
5
16
6

The source that was utilized the most by respondents was television. The most used type
of television was local stations, followed by national stations, then the Weather Channel. The
next most used source was radio (local or NOAA Weather Radio). Only a small percentage of
respondents used a NOAA Weather Radio, a total of 502 respondents reported they did not use a
NOAA Weather Radio at all. Finally the internet (websites) and social media, such as Facebook
and Twitter, were used the least among survey respondents (Figure 17).
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Figure 17. Information sources used by respondents broken up into three categories; TV, radio
and other
3.4 Vulnerability Assessment
The Vulnerability Assessment for New York City contains three variables; minorities,
elderly and renters. Each variable was plotted using thresholds, which was the mean number of
individuals per block group per vulnerability. The first variable, elderly, used a threshold value
of 175 (average amount of elderly individuals per block group in New York). Figure 18 shows
block groups where at least half of the population is over the age of 65.
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Figure 18. Block groups with elderly over the threshold
The next variable, renters, used a threshold of 208.49, which was the average number of
renters per block group for the state of New York (Figure 19). This variable shows a much
denser spatial extent than elderly, which is to be expected in a large urban area.
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Figure 19. Block groups with renters over the threshold

The third variable, minorities, used a threshold of 536.02 which was the average number of
minorities per block group for the state of Florida (Figure 20). This variable shows a denser
spatial pattern than elderly, but not as dense as renters.
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Figure 20. Block groups with minorities over the threshold
The three vulnerabilities were combined in order to show block groups that contained
zero, one, two and three levels (Figure 21).
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Figure 21. Three vulnerabilities (elderly, renters and minorities combined)
The survey respondent data was overlaid in order to compare locations of interviewees
with types of vulnerabilities (Table 6). A count was computed for each level of vulnerability to
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show how many respondents fell into each category. The total number of respondents used for
the Vulnerability Assessment was 350 (the number of people sampled in New York City).

Table 6. NY respondents’ vulnerability
Level Count Percent
0
122
34.8
1
79
22.5
2
124
35.5
3
25
7.1

Based on the Vulnerability Assessment, 122 or 34.8% of the sample did not have any
vulnerability. The level 1 vulnerability was comprised of 79 respondents (or 22.5%), which
means they contain any one out of three vulnerabilities. The level two vulnerability contained
the highest amount of vulnerable individuals (124 respondents or 35.5%). The third level
consisted of 25 vulnerable individuals or 7.1 % of the sample. These respondents were only
accounted for in the state of New York, so respondents who reside in New Jersey are not
included in order to remain consistent with the block group demographic data of New York.
3.5 Correlations of Variables
A number of correlations were run on specific variables in order to determine a
relationship between them. First, the concern variables were correlated with each other to reveal
any relationships between the various types of concerns and levels of concern. The concern
variables were assumed to be independent; however the correlation coefficients show moderate
relationships among most of variables (Table 7).
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Table 7. Correlation coefficients of concern variables (statistically significant variables
identified with an asterisk)
Sandy
Concern over
overall
Storm Surge Flood
Wind
Wave
Sandy overall
Storm Surge
0.447*
Flood
0.439*
0.568*
Wind
0.476*
0.396*
0.477*
Wave
0.469*
0.569*
0.534* 0.501*
Injury
0.33*
0.38*
0.322* 0.378* 0.363*
Live within 1/2 mile of water
0.057
0.114*
0.023
0.045 0.082*

Injury

0.057

Next, a correlation was run between the concern variables and the demographic variables.
The variables were assumed to be independent, and unlike the previous correlation, the majority
of the variables are not significantly correlated with each other (Table 8). The variables that are,
however, show a weak relationship.

Also, the correlation between children under 12 and

concern about Sandy is negative, similar to African Americans and Evacuation for Sandy. A
negative correlation implies that as one variable increases, the other decreases. Based on the
statistics, having a child under 12 in the household increases the likelihood that the person is not
concerned about Sandy. Also, the variable African Americans decrease the odds of evacuation.
Table 8. Correlation coefficients of concern variables with demographic variables
(statistically significant variables identified with an asterisk)
Evacuate Concerned
for
about
Storm
Sandy
Sandy
Surge
Flood Wind Wave Injury
College degree
-0.03
0.004
-0.007
0.061 0.045 0.043 0.076*
Children under 12
0.042
-0.065*
-0.017
0.009 0.039 0.059 0.055
Over 65
0.052
0.052
0.043
0.013 0.082* 0.059 0.055
Renter
0.055
0.005
0.004
0.033 0.001 0.019 0.010
African American -0.062*
0.002
0.001
0.006 0.009 0.027 0.061
Hispanic
0.034
0.032
0.022
0.103* 0.089* 0.052 0.119*
Female
-0.046
-0.044
-0.017
0.063* 0.115* 0.067* 0.070*
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3.6 Chi-square Test of Association for Concerned vs. Expected Variables
A Chi-Square Test of Association of the concern variables between the resident’s concern
level and what they expected for each concern variable will show an association between the
variables if one exists. This is important in measuring the residents’ actual risk vs. perceived
risk. The concern is measured for each variable using a dummy code, 0 for not concerned and 1
for concerned. Similarly, the expected variable is coded using 0 for the impact being less than
expected and 1 if the impact was more than expected. For storm surge (Table 9) the association
was significant p=0.018. However, Phi Cramer’s V statistic indicates the relationship is weak
(φc =0.110).
Table 9. Chi-Square Test of Association for concern level of storm surge vs. expectations of
storm surge (values in the table represents frequencies of each response)
Storm Surge
Expect
Total
No
Yes
No
61
202
263
Concern
Yes
28
167
195
89
369
458
Total
607
N
0.018
Pearson chi-squared p-value
0.110
Phi Cramer’s V

The variable concern over flooding did not show a statistically significant relationship
between the residents’ concern level and what they expected (p=0.437) shown in Table 10. This
is further demonstrated by Phi Cramer’s V showing a very weak relationship (φc=0.036).
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Table 10. Chi-square test of association for concern level of flooding vs. expectations of
flooding (values in the table represents frequencies of each response)
Flooding
Expect
Total
No
Yes
No
58
177
235
Concern
Yes
50
181
231
108
358
446
Total
607
N
0.437
Pearson chi-squared p-value
0.036
Phi Cramer’s V

The variable concern over wind showed a very significant association between concern
and expectation with p=0.000 and φc=0.216, shown in Table 11.
Table 11. Chi-square test of association for concern level of wind vs. expectations of wind
(values in the table represent frequencies of each response)
Wind
Expect
Total
No
Yes
No
111
94
205
Concern
Yes
89
184
273
200
278
478
Total
607
N
<0.000
Pearson chi-squared p-value
0.216
Phi Cramer’s V

Finally, the variable waves did not show a statistically significant association between
concern level and expectation (p=0.609 and φc=0.025) (Table 12).
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Table 12. Chi-square test of association for concern level of waves vs. expectations of waves
(values in the table represents frequencies of each response)
Waves
Expect
Total
No
Yes
No
54
169
223
Concern
Yes
44
155
199
98
324
422
Total
607
N
0.609
Pearson chi-squared p-value
0.025
Phi Cramer’s V

3.7 Simple Regressions
Simple regressions were run on two sets of variables; concern and demographic, to
determine if any variables are individually significant. The concern variables, when put into a
simple regression, are all significant predictors of evacuation (Table 13).

Table 13. Simple regressions for concern variables
Variable
p-value
Sandy
<0.001
Storm surge
<0.001
Flood
<0.001
Wind
0.014
Wave
<0.001
Injuries
<0.001

The demographic variables are not as strong at predicting evacuation on their own. The
only significant predictors from the simple regression are African Americans and living within ½
mile of water (Table 14).
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Table 14. Simple regressions for demographic variables
Variable
p-value
College
0.25
Elderly
0.108
Kids under 12
0.23
Renters
0.062
African American
0.025
Hispanic
0.25
Female
0.25
Live within 1/2 mile of water
<0.001

3.8 Logistic Regressions
In order to determine predictor variables for evacuation, a logistic regression was applied
to variables that may have some type of influence on whether an individual decides to evacuate
or not.

The variables were broken up into categories; concern variables (Table 12) and

demographic variables (Table 13). The concern variables show concern over Sandy and concern
over storm surge to be significant predictors of evacuation (Table 15).

Table 15. Logistic regression of concern variables
Variable
p-value
Coefficient
Sandy
0.035
1.442
Storm Surge
0.004
1.705
Flood
0.995
Wind
0.175
Wave
0.171
Injury
0.230
N
607
2
r
0.061

The demographic variables show elderly, households with kids under 12, African
American and living within ½ mile of water to be significant predictors of evacuation (Table 16).
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Table 16. Logistic regression of demographic variables
Variable
p-value
Coefficient
College
0.134
Elderly
0.024
1.414
Kids under 12
0.048
1.481
Renters
0.053
African American
0.041
0.56
Hispanic
0.559
Female
0.310
Live within ½ mile of water
<0.001
2.742
N
607
r2
0.089
3.9 Stepwise Regressions
In order to determine a final logistic regression model that combines both categories of
variables, stepwise regression was performed on each regression to ensure no variables were left
out from the original logistic regression. A forward stepwise regression was run, which starts
with no variables in the model and adds one in at a time. For the concern variables, the two
significant variables that resulted from the forward stepwise regression were concern over Sandy
in general and concern over storm surge (Table 17).

Table 17. Forward stepwise regression for concern variables
Variable
p-value
Coefficient
Step 1
Storm surge
0.00
0.444
Step 2
Sandy
0.015
0.682
Storm surge
0.001
0.525

For the demographic variables, the forward stepwise regression resulted in three
significant variables, living within ½ mile of water, renters and elderly (Table 18).
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Step 1
Step 2
Step 3

Table 18. Forward stepwise regression for demographic variables
Variable
p-value
Coefficient
Live within 1/2 mile of water
<0.001
Renters
0.047
Live within 1/2 mile of water
<0.001
Elderly
0.043
Renters
0.034
Live within 1/2 mile of water
<0.001

2.686
1.431
2.708
1.342
1.469
2.748

The final logistic regression model used the significant variables from each stepwise
regression; Concern over Sandy, Concern over storm surge, Renters, Live within ½ mile of
water, African American and Elderly (Table 19).
Table 19. Final logistic regression model
Variable
p-value
Coefficient
Concern over Sandy
0.024
1.459
Concern over storm surge
<0.001
1.88
Renters
0.02
1.553
Live within 1/2 mile of water
<0.001
2.494
African American
0.073
0.606
Elderly
0.083
1.295
N
607
2
r
0.125

3.10 Vulnerability Variable Logistic Regression
In order to examine the influence of the vulnerability levels on evacuation, the new
variable, level, was added to each logistic regression. This variable was derived from the
Vulnerability Assessment (Section 3.4) based off of the three vulnerability variables; elderly
(those over 65 years old), minorities and renters. The survey respondents were overlaid onto the
vulnerabilities to determine how many respondents fell into each vulnerability category. The
variable level ranges from 0 to 3 depending on the level that each respondent received. When the
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variable level was added to the end of the concern variables logistic regression, the r2 value
slightly increases, however the variable level is not significant (Table 20).
Table 20. Concern variables logistic regression including the variable level
Variable
p-value
Coefficient
Sandy
0.004
2.016
Storm Surge
0.032
1.769
Flood
0.689
Wind
0.246
Wave
0.667
Injury
0.303
Level
0.635
N
607
r2
0.079
When the variable level is added to the demographic variable logistic regression, the r2
value increases, however the variables elderly, households that have kids under the age of 12 and
African American are no longer significant. The only variable that remains significant is living
within ½ mile of water (Table 21).
Table 21. Demographic variables logistic regression including the variable level
Variable
p-value
Coefficient
College
0.606
Elderly
0.098
Kids under 12
0.203
Renters
0.365
African American
0.086
Hispanic
0.810
Female
0.994
Live within 1/2 mile of water
<0.001
2.88
Level
0.620
N
607
2
r
0.097
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The demographic logistic regression that includes the variable level is the best model for
this data. The r2 value is 0.097, which is the best out of all of the models. However, the only
statistically significant predictor of evacuation for this model is living within ½ mile of water.
3.11 Reasons for Evacuating
The survey question “Why did you decide to evacuate?” was analyzed in two ways. First,
the respondents were given a number of options to choose from while taking the survey,
including; “possibility of surge and flooding, home not safe in storm from wind damage,
problems in my area after storm, not able to leave later if storm got worse, health reasons, need
care or medical technology, other people convinced me/us to evacuate and other.” The original
response options were analyzed using frequencies (excluding “other”) shown in Figure 22. The
response with the highest frequency (not counting the “other” category) was the possibility of
flooding and surge (35%). The next highest frequency category was “others convinced me/us to
leave,” followed by the respondent not feeling safe in their home from wind damage.

Why did you evacuate?

32%

35%

Possibility of
flooding/surge
Home not safe from wind
damage
Problems in area after
storm
Not able to leave if it got
worse
Health reasons
Others convinced me

11%

0%

15%

Pets
4%
1%

2%

Other

Figure 22. Original responses for choosing to evacuate
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Next, the open-ended response “other” was analyzed using a qualitative method of
identifying themes in the responses. Once the themes were identified, they were compared and
combined with the original responses in order to come up with main themes of what respondents
had mentioned as influencing their decisions.
The final themes are shown in Table 22. The frequency counts measure how many times
the theme was mentioned by each respondent. Some respondents mentioned more than one
reason for evacuating, and both reasons were accounted for. For example, one respondent
choose other and gave the answer “because I’m one block from the beach and they said the surge
was 30-40 feet.” This response was accounted for the categories living close to water or alone
and impacts.
There was a lot of overlap between categories such as family and kids and others
convincing the individual to leave. Many times, the family, and specifically kids, convinced the
parents to leave. However, these categories were kept separate since there was a decent amount
of respondents who did not mention both or mentioned each reason separately.

Table 22. Reasons for evacuation based on the number of times mentioned
Why did you evacuate?
Frequency
Impacts (storm surge, flooding), possibility of them, the forecast, already
begun
76
Safety reasons (did not feel safe in home or scared)
31
Told or recommended to leave, others convinced to leave
60
Family and kids wanted to leave
20
Health reasons
10
Problems in my area after storm, utilities out, not able to leave if it got worse
18
Pets
1
Live close to water or alone
12
Already had prior arrangements
5
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The original responses to the question “Why did you stay and not evacuate?” are shown
in Figure 23. The identified themes for not evacuating, which followed the same methodology
as the previous question, are shown in Table 23.

Why did you stay and not evacuate?
Thought bad surge,
flooding would not
happen in my area

25%

32%

0%

Need to stay to protect
home (from looting, fire,
etc.)

3%
2%
1%

Home would be safe in
storm (from wind
damage)

6%
2%

29%

Would not be able to get
backhome after storm

0%

Figure 23. Original responses choosing to stay and not evacuate

Table 23. Reasons for not evacuating based on the number of times mentioned
Why did you stay and not evacuate?
Frequency
Thought impacts wouldn’t be bad in my area, felt prepared
135
Felt safe in my home and that I could handle the impacts
135
Needed to protect my home/business (looting, fire, etc.)
26
Wouldn’t be able to get back home, didn’t want to go to shelter, nowhere to go,
inconvenient
24
Health reasons/elderly
7
Had to care for others, too many people in the house/pets
24
Others convinced me
4
Previous experience (with Irene or other hurricanes)
14
Not in evacuation or flood zone, home is inland, live high off ground/higher
elevation
42
Too late
10
Was already out of town, utilities were still on
4
Didn’t believe/pay attention to forecasts, religious beliefs
6
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The most common reasons for staying and not evacuating are thinking the impacts would
not be bad and feeling prepared, and feeling safe and that the individual could handle the
impacts.
3.12 Comparison to Hurricane Irene
Survey respondents were asked a few questions in comparison to Hurricane Irene. This
type of comparison is important in determining the changing perceptions of the respondents
about Hurricane Sandy from the first time they were surveyed about Hurricane Irene. First,
87.6% of the respondents were living in the same area when Hurricane Irene occurred. Only
25.8% of respondents evacuated for Irene (61.1% did not evacuate and 13% was non-applicable).
The interviewees were asked to compare the seriousness of Irene to Sandy (Table 24).
Table 24. Perceptions of seriousness of Irene compared to Sandy
As Sandy approached, how did you think it would
compare to Irene?
Frequency
Percent
Less Serious
87
14.3
As Serious
151
24.9
More Serious
237
39
Unsure
132
21.7

From these results, 14.3% of respondents felt Sandy was less serious than Irene, 24.9%
felt Sandy was as serious as Irene, 39% felt it was more serious and 21.7% of respondents were
unsure.
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Chapter 4: Discussion
The survey analyzed in this study was designed to measure perceptions of Hurricane
Sandy, including concern levels over various hurricane-related impacts, opinions of the forecast
and reasons for evacuating or not evacuation.

The Vulnerability Assessment of these

respondents shows where the most vulnerable sample of the population exists.
Overall, the residents were most concerned about Sandy in general (64%) and wind
(57%). They were least concerned about injuries or deaths and damage to their property. In a
previous study by Zhang et al. 2007, there was not a significant difference in concern over storm
surge and concern over flooding among survey respondents associated with Hurricane Rita. For
Hurricane Sandy and this study, a total of 41% reported being very concerned over storm surge
and a total of 49% reported being very concerned over flooding. For both variables, the majority
of residents also reported the impacts were more than they expected (79% for storm surge and
77% for flooding). Perhaps similar to Zhang et al. (2007), residents may not be distinguishing
between storm surge and flooding since their concern levels and impact perceptions were similar.
The majority (68.5%) felt Sandy was very dangerous as it approached landfall and 441
respondents took action to prepare for possible impacts. When respondents were asked about the
forecast, however, 46.5% rated it excellent and 35.1% rated it good. Taken together, 81.6% of
the respondents rated the forecast good or excellent.

However, there is a clear lack of

communication and warnings based on these results. 16.9% of respondents recall an evacuation
being recommended, 25.3% recall the evacuation being ordered and 57.6% did not answer the
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question, which may be due to the fact that they were not in an evacuation zone so the question
did not apply or they did not know.
When survey respondents were asked about whether the impacts from Sandy were more,
less or the same than they expected, every variable except rain showed that the impacts were
more than what the residents expected. This could be due to a number of reasons. First,
Hurricane Irene hit the same general area 14 months prior to Sandy and the impacts were less
severe than Sandy. Residents may have not expected Sandy to be worse because of previous
experience. Also, their lower expectations may be due to not interpreting the forecast correctly
or confusion over that forecast and what type of storm Sandy was considered as it made landfall.
The most used sources of information among the respondents were local TV stations,
national TV stations and The Weather Channel, respectively. Radio sources (local and NOAA
Weather Radio) were not used very often as well as the internet and social media. Although
social media has become a popular trend, most respondents barely used it to obtain their
information. A large amount of interviewees, a total of 489 (80%), reported they did not use
social media at all. A small minority also used the internet (websites such as The Weather
Channel, local National Weather Service and local televisions websites) a great deal for their
information. It is clear that television, whether local, national or The Weather Channel is still the
most popular way to get information, based on these results. The least popular source was the
NOAA Weather Radio, which is likely because many people do not own one, whereas many
more people own a television.
Although reports during Hurricane Sandy claim that social media was used more than
ever before by officials and the public (Cohen 2013), the results from this survey show a small
amount of respondents actually used social media a lot. Only 49 respondents reported using
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social media a great deal while 489 respondents did not use it at all. This could be due to the
median age of the respondents (58 years old) and social media tends to be more popular with a
younger generation.
4.1 Vulnerability Assessment Analysis
The purpose of the Vulnerability Assessment was to identify vulnerable locations and
ultimately vulnerable individuals contained within the sample. The variable elderly contained
the least amount of vulnerable block groups. This is to be expected around the New York City
area. The variables renters and minorities had a lot of overlap in vulnerable block groups, which
resulted in the level two vulnerability containing the largest amount of respondents.
A few patterns can be detected from the final vulnerability index. First, there are definite
clusters of each level throughout the study area. There are large patches of level 1 and level 2
vulnerabilities and smaller patches of level 3. A high concentration of level 2 vulnerabilities
exists in the northeast section of Brooklyn. The densest location for level 3 exists in the lower
East Side of Manhattan that is also bordered by water.
In total, 122 individuals (34.8%) are at level 0 vulnerability, meaning they do not contain
any of the vulnerability variables from the Assessment. Seventy nine individuals from the
survey hold a level 1 vulnerability (22.5%) and 124 hold a level 2 vulnerability (35.5%). The
level 3 vulnerability is the smallest with 25 individuals (7.1% of the sample). It is not surprising
that the group with the largest count is level 2 as there is so much overlap between minorities and
renters.
4.2 Analysis of Correlations
Correlations were run for the concern variables and the demographic variables. The
concern variables showed a significant correlation between most of the variables. The variable
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concern over Sandy overall showed a significant correlation with the variables concern over
storm surge, flood, wind, wave and injuries. From these results, it can be concluded that most
people who were very concerned about Sandy overall were concerned over the various impacts
as well, as expected. Interestingly, the only variable that was not correlated with concern over
Sandy was living within ½ mile of water. The variable very concerned over storm surge was
significantly correlated with very concerned over flooding, wind, wave, injury and living within
½ mile of water. The variable very concerned over flood hazard was significantly correlated
with concern over wind hazard, waves and injuries. Wind concern was significantly correlated
with concern over wave hazard and injuries.

Finally, concern over wave hazard was

significantly correlated with concern over injuries and living within ½ mile of water.
The demographic variables were not as well correlated with the concern variables. The
only variable that was significantly correlated to evacuation was African American, which
indicated an inverse relationship (p= -0.062).

This may indicate that the variable African

American decreases the probability of evacuation. The only demographic variable correlated
with Concern over Sandy was households that had children under the age of 12, which also
showed an inverse relationship.
Concern over flooding showed a weak correlation with the variables Hispanic and female.
Concern over wind hazard was correlated with households that have a person 65 years or older,
Hispanic and females. Concern over wave hazard was correlated with females and concern over
injuries was correlated with respondents who had a college degree, Hispanic and females.
The variable females had the highest amount of correlations with concern variables
(flooding, wind, waves and injuries). Previous literature has shown that females often perceive
risk in different ways than men and generally perceive themselves at a higher risk. They
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commonly take on the role of caregivers to children, elderly and the disabled. The variable
Hispanic had the next highest amount of significant correlations (flooding, wind and injuries).
This may be due to the fact that Hispanics are considered a minority in New York and New
Jersey and perceive risk differently than others. The variable storm surge was not significantly
correlated with any of the demographic variables, which may be due to lack of understanding of
storm surge and not differentiating storm surge from flooding.
The demographic variables overall did not show strong correlations with the concern
variables. This may be a possible indicator that the concerns over the impacts do not vary based
on demographics. The concern variables did not reach or generate concern more for any specific
group of people.
4.3 Analysis of Chi-Square Test of Association
The Chi-Square Test of Association was performed for the variables storm surge,
flooding, wind and waves. Cross-tab tables were constructed that show frequencies of people
who were concerned with each variable and who were not concerned against their expectations
of the concern variables. The results indicate that there is a significant association between the
variables storm surge and wind. It can be concluded that 76.8% of individuals who were not
concerned about storm surge also reported the impact was more than they expected. For those
who were concerned about storm surge, 85% reported the impacts were still more than they
expected. For the variable wind, 45.8% that were not concerned reported that the impacts were
more than they expected and 58.1% who were concerned reported the impacts were still more
than they expected. There is no a significant association between flooding and waves.

63

4.4 Analysis of Regressions
In order to determine significant predictor variables, a number of regressions were
performed on the variables.

The variables were categorized into two categories, concern

variables and demographic variables. The concern variables included individuals who were very
concerned over Sandy in general, storm surge, flooding, winds, waves and injuries.

The

demographic variables included having a college degree, elderly, households with kids under 12,
renters, African Americans, Hispanics, Females and living within ½ mile of water.
4.4.1 Simple Regressions Analysis
Simple regressions were run on each individual variable against evacuation in order to
determine the significance of any variables by themselves. The concern variables were all
statistically significant predictors of evacuation on their own. For the demographic variables, the
significant predictors of evacuation were African Americans and living within ½ mile of water.
A multiple logistic regression is required, especially for the concern variables, to identify any
evidence of collinearity within the variables.
4.4.2 Logistic Regressions Analysis
The logistic regression applied to the concern variables indicated two variables, concern
over Sandy in general and concern over storm surge, were statistically significant predictors of
evacuation. The r2 for this model however was 0.061, indicating a poor fit.
The logistic regression applied to the demographic variables indicated that elderly,
households that have kids under 12 and African Americans were significant predictors of
evacuation. Based on the correlations, however, the variable African Americans tended to
decrease the odds of evacuation. The correlation also showed a negative relationship between
households that have children under 12 and concern for Sandy, however it was not significant in
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predicting an evacuation or a non-evacuation. The r2 for this model was 0.089, also indicating a
poor fit, but slightly better than the concern variables. This is somewhat consistent with previous
literature from Gladwin and Peacock (1997), which found that the presence of elders or children
can have a positive or negative impact on evacuation. This situation may be subjective and
depends on the specific circumstances. For example, households that have children may
influence an evacuation in different ways; either complying with an evacuation for protection
purposes or not evacuating due to lack of resources (Dash and Galdwin 2007). Dash and
Gladwin (2007) also found that “Black households” that were in evacuation zones were less
likely to evacuate, which is consistent with the results from this research.
4.4.3 Stepwise Regressions Analysis
A forward stepwise regression was done on the concern regression model and the
demographic regression model to determine the most important predictor variables for the final
model and to ensure no variables were left out. The forward step regression of the concern
variable identified concern over Sandy and concern over storm surge as the only two important
predictors. The forward step regression for the demographic variables identified the variables
living within ½ mile of water, renters and elderly to remain in the final model.
The final regression model for predicting evacuation includes the variables Concern over
Sandy, Concern over storm surge, Renters, Living within ½ mile of water, African American and
Elderly. This model yielded the best r2 value of 0.125 or 12.5% of the model being explained.
4.5 Logistic Regression Including the Variable Level
In order to test the Vulnerability Assessment (Section 3.2) the variable level was included
into the original logistic regressions for the concern variables and demographic variables.
Overall, the r2 for both models increased, increasing the fit of the model. For the concern
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variables, concern over Sandy and concern over storm surge remained significant predictors of
evacuation as they were in the original model.

For the demographic model, the previous

significant predictors (elderly, kids under 12 and African American) were no longer significant
when the variable level is added. The only significant predictor that remained was living within
one half mile of water.
The final model for the concern variables includes the variable level since it improved
the overall fit and did not change any of the original significant variables. The final model for
the demographic variables does not include level since it decreased the amount of significant
predictor variables.
4.6 Qualitative Analysis for Evacuations
A qualitative analysis was performed on the survey questions “why did you evacuate?”
and “why did you stay and not evacuate?” First, the questions were analyzed using the original
responses contained within the survey that respondents could choose from. A total of 32% of
respondents indicated they evacuated because of the possibility of storm surge and flooding. The
next highest theme was “others convinced me” followed closely by respondents not feeling safe
in their home from wind damage. The rest of the categories include possible problems in the
area after the storm, not able to leave if it got worse, health reasons and pets.
If the respondents choose other, they were required to give a reason. The open-ended
responses for both questions were analyzed and common themes were identified. After the
qualitative analysis, several broad themes were identified. The largest theme for evacuating,
which was mentioned 76 times by respondents, was because of possible impacts from storm
surge and flooding, the forecast (taking the forecast seriously and complying with the warnings)
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and the impacts already beginning in their area. Throughout the survey, it was mentioned
several times that residents could see the high waves hitting the coast and decided to evacuate.
The next most common theme (mentioned 60 times) was that the respondents were told
or recommended to leave or they were convinced by someone else (usually a family member).
The third largest theme was for safety reasons (mentioned 31 times), including the respondent
not feeling safe in their home, feeling scared, and several of respondents mentioned for the safety
of the first responders.
Other reasons for evacuating include “family and kids want to leave” (mentioned 20
times), possible problems in the area after the storm, utilities were already out and not able to
leave if it got worse (mentioned 18 times). The theme living close to water or alone was
mentioned 12 times, having prior arrangements was mentioned 5 times and pets was only
mentioned once. The most common types of houses were single family homes (63%), followed
by apartments (15%).
The question “why did you stay and not evacuate” was analyzed the same way as the
question “why did you evacuate?” The open-ended qualitative analysis identified 12 common
themes respondents gave for not evacuating. The most common were “thought impacts would
not be bad in my area, felt prepared” and “felt safe in my home and that I could handle the
impacts.” Both themes were mentioned 135 times. The next highest theme was only mentioned
42 times (not in an evacuation or flood zone, home is too far inland, live high off the ground).
Next, 26 people mentioned needing to protect their home and business (from looting, fires, etc.)
and 24 mentioned the inconvenient factor of evacuating which included not wanting to go to a
shelter, having nowhere to go and not being able to get back home after the storm. Another 24
respondents also mentioned having to care for others, having too many people in the house and
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having to care for pets. The other categories were mentioned only a few times, including
previous experience (either with Irene or another storm), mentioned 14 times and “too late” was
mentioned 10. A very small percentage of respondents mentioned health reasons or being
elderly (7 times), not believing or paying attention to the forecast and religious beliefs (6 times)
and being convinced by others (4 times).
4.7 Hurricane Irene vs. Sandy
The comparison between Hurricane Irene and Hurricane Sandy showed an increase in
evacuation of 6.2% for Hurricane Sandy. Nearly 88% of the respondents were living in the same
area when Hurricane Irene occurred. Also, about 25% of respondents felt Sandy was a bigger
risk than Irene. In addition, 21.7% reported they were unsure if they considered Sandy more
serious, less serious or about the same. This further indicates confusion in interpreting the
forecast, although it is possible the respondent could not recall how dangerous they considered
Sandy. It was obvious to forecasters and emergency responders that Sandy was a much bigger
threat than Irene; however this information was not as clear to the public based on these results.
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Chapter 5: Conclusion
There is a need for interdisciplinary research regarding hurricane forecasting, warning
and public response in order to ensure future safety of those impacted. Hurricane Sandy had a
devastating impact on New York City and the surrounding area. In order to assess how well the
public responded to forecasts and warnings of Hurricane Sandy, a telephone survey was
conducted that contained 91 questions about risks, concerns and information sources. The
survey was administered to residents of New York (New York City and Long Island) and coastal
areas of New Jersey who were present during Hurricane Sandy.
Residents interviewed in this survey were most concerned over strong winds associated
with Sandy and Sandy in general. They considered Sandy very dangerous and also felt the
forecast was excellent or good. However, their perceptions were still not consistent with what
actually happened. For the variables wind, storm surge, waves and inland flooding, respondents
reported the impacts were more than they expected. Most respondents used local and national
TV stations as well as The Weather Channel to obtain their information, and a very small
percentage used social media and the internet, despite some growing trends in the use of these
sources.
The vulnerability of New York City was assessed using three vulnerable variables;
elderly, minorities and renters. When the respondents were categorized according to the level of
vulnerability, the highest amount fell under a level 2 vulnerability, which is comprised of 2 out
of 3 vulnerability variables.

Vulnerable locations around New York City were identified,

including the northeast section of Brooklyn and the lower East Side of Manhattan. Figure 18
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shows a heavy concentration of elderly residing in the lower East Side of Manhattan. Early
warning and early evacuation preparations may be needed in this area. Also, a large amount of
minorities and renters are located in this area as well as northeast Brooklyn. These areas may be
in need of improvements to the communication of the warning message. The identification of
these areas may help for future hurricane preparedness
The correlations of concern variables indicate that most concern variables are moderately
correlated, which is expected and may show evidence of multicollinearity. It is possible that
some of the concern variables, especially concern over storm surge and concern over flooding,
may be too similar to each other. The demographic variables were not as well correlated with
the concern variables, only Hispanics and Females showed correlations with concern variables
(flooding, wind, waves and injuries). From these results, it is clear that there are no distinct
differences among the different demographic variables and their levels of concern over the
various hazard variables. The chi-square test of association indicates a significant associated
between the concern level of storm surge and wind and residents reporting the impacts were
more than they expected.
The logistic regressions indicated several significant predictors of evacuation, including
concern over Sandy, storm surge, elderly, households that have kids under 12, African
Americans and living within ½ mile of water. When the variable “level” was added to the
logistic regressions, it increased the fit of both models. However, for the demographic variables,
the only significant predictor was living within ½ mile of water when “level” was included.
Finally, a qualitative analysis of major reasons reported for evacuating and not
evacuating was done. The questions were analyzed using the original survey options for reasons
to evacuate then analyzed by identifying common themes derived from the original options and
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the open-ended responses. The most common reasons for evacuating include the threat of
possible impacts (storm surge and flooding), the forecast, being told or recommended to leave
and being convinced by others to leave. The question “Why did you stay and not evacuate?” was
analyzed using the same methods as the question “Why did you evacuate?” The major themes
for not evacuating include respondents not thinking the impacts would be bad in their area and
feeling prepared as well as feeling safe in their home and that they could handle the impacts.
The results from this research will be useful in implementing future hurricane warnings
and communication of the warnings.

The identification of vulnerable locations, specifically

around New York City, may help with future hurricane preparedness. Also, by identifying
reasons why people did not evacuate, more attention may be given to the warning procedures in
order to ensure that the public fully understands the risk. By improving understanding of how
people make decisions regarding evacuations and how they perceive risks, it is hoped that the
warning message can be communicated in a more effective way to allow residents to make better
decisions regarding their safety.
5.1 Limitations and Future Work
A main limitation of this study includes the threshold used for the Vulnerability
Assessment. Previous literature on thresholds of vulnerability variables does not exist, so a good
starting point is using the mean. More knowledge of New York City demographic patterns may
show the need for using different thresholds and may yield different results. Also, this study was
limited to using three vulnerability variables that were chosen based on previous literature (age,
renters and minorities). There are many other vulnerability variables that may be added to the
Assessment, including income and gender.
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Another limitation exists within the survey question “How would you have rated Sandy
as it approached landfall?” This question does not state a specific timeframe for the respondent
to gauge their perception (one day out, two days out, etc). It is possible that individuals’
perception of how dangerous Sandy was changed day by day as the forecast changed and as the
storm traveled closer to landfall.
The survey for this study was administered by telephone and used land-lines in New
York City and New Jersey. This is an important limitation to this study because it did not target
residents who do not have landlines. The younger generation is getting further from the use of
home-based land-lines and rely more on their mobile phones (Aoki and Downes 2003). This
may account for the median age of the sample being 58 years old. Social media is a popular tool
among young adults and less popular with an older generation, which may account for the lack
of usage of social media within the sample.
The qualitative analysis that was done on the open-ended questions “why did you
evacuate?” and “why did you not evacuate?” is subjective.

A common response for not

evacuating was that the respondent lived in a high-story building or did not live on the first floor.
These responses were left in the analysis; however their residence may have made a difference in
their response. Another issue that may occur when respondents are taking a survey is memory
loss. Stallings (2002) indicates that an important limitation with survey respondents is “memory
decay.”

Dash and Gladwin (2007) also suggest that memories can be consciously or

unconsciously altered, especially during the event of a disaster and they can change with the
passage of time.
Future work for this research may include experimenting with different thresholds for the
Vulnerability Assessment and comparing the results. Also, other variables may be derived from
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the survey questions and used in the logistic regressions. Variables such as being told or ordered
to leave may be included to determine if they have an impact on evacuation.
A new sample that used a different survey method such as an online survey may yield a
different sample and different results, especially for the usage of social media. If the sample
used an online survey, perhaps the median age of the sample would decrease and the usage of
social media would increase. Also, a more detailed spatial analysis of the respondents may be
useful in determining if an individual’s location has an impact on if they evacuate or not
(latitude, longitude or elevation).
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